Power Line Carrier (PLC) systems are used in transmission of signals for teleprotection, teletripping, telecontrol and speech communication. The signal to noise ratio ( S N R ) of the PLC is based on the noise level at the input of the carrier's receiver. The interference due to large power converter will be superimposed on the background noise at lower level. It has reduced the S N R to an unacceptable value. This paper deals with analysis of high frequency @E) harmonics @gher than 20KHz) produced from the converters, and the methods used to communication signal. The experimental and simulation results have been obtained for both processes.
Introduction
The power converter is basically an assembly of electronics controlled switches, which have been widely used in normal industrial applications. The converter can be used as a rectifier to produce a high power charger or a part of complicated ac motor drive system. At the same time, some systems contain both rectifier and inverter such as a high voltage direct current (HVDC) transmission line and an unintempted power supply (UPS). The high power switching devices are used for many applications because of their low cost, high efficiency and reliahility [l] .
The operation of these switching devices at high power, usually introduces harmonics with wide range of frequencies.
The number of equipment affected by noise has increased in accordance with the number of such harmonics-generating source. The adverse effects of noise in power system are widespread. Many of these effects can be listed as below [2] :
Interference with PLC systems.
Interference with telecommunication systems. The sensitivity could easily appear on the computer system. Interference with protection system. Interference with television and video signal. Errors in some measuring equipment such as the KWh meters. Harmonics currents flowing in machines cause heating effects in both copper and iron losses.
The harmonics generated by a large power converter, which covers a wide range of frequencies, can cause serious problem of interference with PLC communication system. The main source of disturbances resulting from harmonics has been proven that it is come fiom a high power converter. This problem becomes more complicated when the harmonics originate in many single sources. The harmonics can be propagated throughout the entire interconnected power network. Amplitude-modulation single-side-band suppressed-carrier (AM/SSB/SC) is the most commonly used i n PLC systems. Here, the task of the carrier-frequency section is to transpose the HF intelligence from its low frequency (LF) position of 300 to 3700 Hz and then into carrier-frequency HF band, which is between 40-500 KHz. The camerfrequency channels are spaced on a 4 KHz basis.
Signal to Noise Ratio in PLC System
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The noise level at the input of the camer's receiver determines the minimum received signal level necessary for adequate performance. The minimum SNR acceptable for PLC circuit has the range between 25 and 30 dB. SNR is based on noise values within bandwidth corresponding to the carrier's receiver [3] .
Converters as Source of Harmonics
As power semiconductor devices are suddenly switched on and off at different points on the voltage wave, some harmonics are generated in the system. Consequently, waveforms present in power system are not pure sinusoids, but consist of combination of a fundamental component with 50 Hz and some other high frequency components. The harmonics generated by the converter appear on both ac and dc sides.
The converter of pulse number p that generates harmonics for ac side principally of the order n, which is any integer is h = p n f 1
The converters have pulse number 6 will produce harmonics in the ac side of the orders of 1, 5, 7, 11, 13, 17 ,.... and for the 12-pulse are 1, 11, 13, 23, 25 ,.... The equipment and loads on the power system are sensitive to the order and magnitude of harmonics imposed by the power converter.
Harmonic Reduction
On the dc-side, the harmonics are less importance, because the dc load acts as a filter with a high inductive impedance, which minimize the dc harmonics, since the dc harmonics is within the sequence @n), there are no transfer of these harmonics between the different voltage levels because the reduction of harmonics usually is carried out on the ac-side only [4] .
To overcome the effects o f h igh order H F harmonics, the same methods of reducing low order harmonics can be used. These methods can be summarized as below:
of different neutral point treatment, therefore
Harmonic filtering;
The ac filters are used to minimize the flow of harmonic current into the ac network.
This type of HF harmonic reduction is more convenient and cheaper compared with other solutions. There are two types of ac harmonic filters: i. Tuned -filter (TF). ii.
High pass filter (HPF).
In a large ac/dc power converter, two or more tuned filters are employed for the low order h armonics while HF' F i s U sed for the high order harmonics. In a smaller converter, the HPF may be sufficient for the harmonic suppression requirement depending on the converter pulse number [5] . Shunt filters usually used in reduction of harmonic currents in the ac side of the converter.
Activepowerfilter
The active filter uses power electronic switching to generate harmonic current that can reduce or cancel the harmonic currents. It is able to compensate random frequency variations in the current and to overcome resonance problems instead of using passive filters. On the other hand, the active filter systems costly and require sophisticated control circuits [6] .
High pulse number converter:
Two 6-pulse converters can be connected together to form the 12-pulse converter. For simplicity purpose, the line-commutated converter has been chosen in this work. Generally, the lower the pulse number of the converter, the farther from sinusoidal its ac waveform, the higher its distortion and the greater the harmonics content of the waveform [2] . 
Noise Level in PLC
The harmonic noise generated by a large power converter is a wide band frequency [4] . The aim of this work is to evaluate the effect of HF harmonics (20-400KHz) produced by a large power electronics converter on PLC communication system. The analysis i s p erformed i n the frequency range of 4OK to 500KHz. This range is used for PLC communication purpose in many countries. It has been found that the power transformer, usually connected to the converter has a big role in reducing the HF harmonics.
A test has been camed out on 25KVA transformer. When the full load phase current equal to 38A, the maximum practical additive noise current will be 7.61~4.
The S N R of the PLC at this noise level can be calculated as follow by considering that the signal voltage Vs = 1Volt. dBm = lOLog 10 (P,dlmw)
When the input impedance of the PLC device is 75 R, therefore:
S N R = 20 Log 10 ( VsNn) =4.9 ds
It is less than the minimum acceptable value [3] . The above calculation can be considered only if the losses of power transformer been neglected.
Power Transformer Frequency Response
When the noise current passes through a power transformer, it will produce high losses i n its c ore. The t ransformers a t high frequency have complex periodic structure of distributed coil and winding capacitances. It is not easy to get full information about the winding. However the measurements of such transformer at high frequency have been carried out and gave the practical results o f h igh frequency 1 ow voltage e rror in power transformer as shown in Table . 1 .
The leakage inductance of the transformer with respect to frequency is given approximately as Li = 1 I f2.5 [7] .
The above discussion leads to the overall result that the output of the transformer at HF i s n on-linear. D ue to this n on-linearity, the minimum capacity of the converter, which produce noise, affects the S N R of the PLC to an unacceptable value. It cannot be calculated without considering the actual performance of the power transformer at HF and high-voltage. Figures 1 and 2 show the effect of the delay angle on the high frequency harmonics level. This harmonics level increases as delay angle increases, also these figures show the effect of non-linearity and the stray capacitance of the transformer, which cause the increasing of the level of some HF harmonic components. Figure .3 shows the reduction of the HF harmonics, in case of using the twelvepulse converter.
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Figure 3: Normalized HF harmonic currents for 12-pulse converter.
Conclusions
The harmonics due to a large power converter cover a wide frequency range with variable amplitudes. The study has been started to investigate the effects of high order harmonics on PLC system, with frequency range near to the frequency used in a commercial PLC devices. It has been found that the effect of a certain noise level of high frequency harmonics on the PLC system causes to reduce the SNR of the system to unacceptable values. Due to the non-linearity of the power transformer at HF and its inherent stray capacitances, the minimum capacity of the converter, which produces noise level affects SNR of the PLC, cannot he calculated without considering the actual performance of the power transformer at HF and high-voltage.
-
